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(54) FORCE DETECTING ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To provide a force detecting element securing sufficient 
compression breaking strength and having a high output and high 
reliability. 

CONSTITUTION: This force detecting element 1000 is constituted of a 
silicone monocrystal 40 having the 1 10-plane, a force transmission block 
60 made of crystallized glass, and a pedestal 70, and they are firmly fixed 
by electrostatic connection respectively. Gauges Gal, Ga2, Gb1, Gb2, lead 
sections 43, and electrode sections 44a1, 44a2, 44b1, 44b2 are protruded 
by 1 -3|xm from a mesa bottom section by mesa etching on the surface of 
the silicone monocrystal 40 on the connecting face side between the 
silicone monocrystal 40 and the force transmission block 60. The pressure 
receiving areas of the gauges are reduced to obtain high sensitivity, and 
the mesa step is adjusted to realize a stopper structure and secure the 
breaking strength resistance. 




40 5 W-/ 



LEGAL STATUS 

[Date of request for examination] 21 .03.2000 

[Date of sending the examiners decision of rejection] 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3317084 
[Date of registration] 1 4.06.2002 

[Number of appeal against examiners decision of 



Page 1 of 2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal which has a field or the crystal face equivalent to this as a field (1 10) where 
compressive force is applied. The force transfer block which fixes with the aforementioned crystal face of the 
aforementioned silicon single crystal, and transmits the aforementioned compressive force at right angles to the crystal 
face. The susceptor seat which fixes to a field other than the field which the aforementioned force transfer block of the 
aforementioned silicon single crystal fixed, and supports this silicon single crystal. In the front face of the 
aforementioned crystal face which is the force detection element equipped with the above, and the aforementioned 
force transfer block of the aforementioned silicon single crystal fixed The compressive force by force transfer block is 
received, and the gage from which electric resistance changes with the compressive force is formed, the 
aforementioned gage It is projected and prepared from the bottom of the level difference by forming a level difference 
in the front face of the aforementioned crystal face, and this gage It is arranged by the configuration with 2 sets of sides 
which counter, and a Wheatstone bridge is constituted. The longitudinal direction of 1 set of gages of this is the <1 10> 
directions or crystal orientation equivalent to this. It is characterized by the longitudinal direction of 1 set of other 
gages obtaining the voltage output proportional to the compressive force which is the <100> directions or crystal 
orientation equivalent to this, passed current to the input pole of the aforementioned Wheatstone bridge, and was made 
to act on the aforementioned force transfer block from an output pole. 

[Claim 2] The depth of the level difference in the aforementioned crystal face for making a gage project The 
aforementioned force transfer block which deformation produced with the compressive force when compressive force 
exceeded the specified quantity, A part of field [ at least ] which counters the level difference bottom of the 
aforementioned silicon crystal face serves as the depth which contacts the level difference bottom of the 
aforementioned silicon crystal face. The force detection element according to claim 1 characterized by for the contact 
portion of the level difference bottom of a force transfer block and the silicon crystal face working as a stopper, sharing 
the aforementioned compressive force, and supporting when compressive force exceeds the aforementioned specified 
quantity by this. 

[Claim 3] It connects [ level difference / 1st / for making a gage project ] in the aforementioned crystal face of a silicon 
single crystal, and the 2nd level difference shallower than the 1st level difference is prepared, by adjustment of the 
depth of these the 1st and 2nd level differences The aforementioned force transfer block which deformation produced 
with the compressive force when compressive force exceeded the specified quantity contacts only the bottom of the 
2nd level difference of the above. When the bottom of the 1st level difference cannot be contacted now and 
compressive force exceeds the aforementioned specified quantity by this The force detection element according to 
claim 1 characterized by for the contact portion of the level difference bottom of the above 2nd of a force transfer 
block and the silicon crystal face working as a stopper, sharing the aforementioned compressive stress, and supporting. 
[Claim 4] A gage is arranged by the configuration of the square which has 2 sets of parallel sides mutually on the 
aforementioned crystal face. 1 set of the vertical angle of four bond parts of a ******** gage which faced each other is 
made into an input pole. The voltage output proportional to the compressive force which other 1 set was made 
[ compressive force ] into the output pole, and current was passed [ compressive force ] to the input pole, and made the 
force transfer block act on an output pole is obtained. Moreover, the force detection element according to claim 1 to 3 
characterized by arranging each gage so that the compressive force by force transfer block may be added to each gage 
which constitutes each side of the aforementioned square. 

[Claim 5] Each gage which constitutes each square side is a force detection element according to claim 4 characterized 
by being prepared near the neutral line of the direction stress of a flat surface generated by compressing a force transfer 
block. 

[Claim 6] It is the force detection element according to claim 4 or 5 characterized by for the surface portion serving as 
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a field of the aforementioned gage which projected from the level difference bottom where p type impurity was 
introduced, and the temperature characteristic of the resistance of the aforementioned gage being the temperature 
characteristic which compensates change depending on the temperature of the force detection sensitivity property at the 
time of impressing a constant voltage to an input pole by this at least. 

[Claim 7] The concentration of p type impurity is a force detection element according to claim 6 characterized by being 
one of the order of the order of 1x101 8 atoms/cm3, or the order of 1x1020 atoms/cm3. 

[Claim 8] It is the force detection element according to claim 1 to 7 to which it projects from a level difference bottom 
to the same extent as the gage on both sides of the aforementioned gage which projected from the level difference 
bottom, and the gage is characterized by preparing the guard bank which it comes to dissociate electrically. 
[Claim 9] It is the force detection element according to claim 1 to 8 to which it projects to the same extent as the 
aforementioned gage from the surface level difference bottom of the crystal face in the aforementioned crystal face of a 
force transfer block and the aforementioned silicon single crystal which fixes, and the gage is characterized by 
preparing the support height for supporting a part for the center section of the aforementioned force transfer block 
separated electrically. 

[Claim 10] The force detection element according to claim 1 to 9 characterized by using pi 13 as a piezoresistance 
coefficient in the aforementioned gage used for detection of compressive force. 

[Claim 11] The silicon single crystal which is characterized by providing the following and which has a field or the 
crystal face equivalent to this as a field (110) where compressive force is applied, The force transfer block which fixes 
with the aforementioned crystal face of the aforementioned silicon single crystal, and transmits the aforementioned 
compressive force at right angles to the crystal face, It fixes to a field other than the field which the aforementioned 
force transfer block of the aforementioned silicon single crystal fixed. In the front face of the aforementioned crystal 
face which possessed the susceptor seat which supports this silicon single crystal, and the aforementioned force 
transfer block of the aforementioned silicon single crystal fixed The compressive force by force transfer block is 
received, and the gage from which electric resistance changes with the compressive force is formed, the 
aforementioned gage The surface portion of the gage which was projected and formed from the bottom of the level 
difference, and projected from this level difference bottom is the method of manufacturing the force detection element 
used as p type field, by forming a level difference in the front face of the aforementioned crystal face. The process 
which introduces p type impurity into the surface section of n type silicon-single-crystal substrate, and forms p type 
field as a process which forms the aforementioned silicon single crystal which includes p type field in the 
aforementioned gage row. The process which obtains the narrow gage with which give mesa etching in the 
aforementioned surface section of the aforementioned n type silicon-single-crystal substrate except for the portion used 
as a gage, form a level difference deeper than the aforementioned p type field, and this comes to form p type field in 
the surface section. 

[Claim 12] The manufacture method of the force detection element according to claim 1 1 characterized by using a SOI 
(Silicon on Insulator) substrate as a silicon-single-crystal substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the force detection element using the piezoresistance condenser of a 

semiconductor which changes compressive force into an electrical signal. 

[0002] 

[Description of the Prior Art] The force detection element is broadly used as a sensor for detecting compressive force 
in various fields. Therefore, the capacity which can detect compressive force correctly in various measurement 
conditions is required of such a force detection element. 

[0003] Especially this force detection element is used in many cases on very intense measurement conditions. In recent 
years, it is especially used in many cases under the environment of an elevated temperature and the high-pressure force 
as an object for the firing-pressure measurement in the cylinder of an engine, and the combustion control of an engine 
is performed using the measuring pressure force. 

[0004] Therefore, in order to secure reliability, an output high enough is required of the force detection element used 
under such a situation from a high compression disruptive strength and an electric noise. 

[0005] An example of the combustion-pressure sensor concerning the proposal (JP,6-34455,A) of these people's point 
is shown in drawing 20 . 

[0006] In the flat-surface schematic diagram and this drawing (b), this drawing (a) expresses the side schematic 
diagram, respectively. 

[0007] This combustion sensor is joined to crystal-face 10a of p conduction-type silicon semiconductor (resistivity 8 
ohm-cm, thickness of about 200 micrometers) 10 of the rectangle tabular which possesses crystal-face 10a of (1 10) as a 
field where compressive force W is applied, and this silicon semiconductor 10, and it has the force transfer block 30 
which transmits compressive force W at right angles to crystal-face 1 0a, and the directions plinth 20 of the 
aforementioned silicon semiconductor 10 joined to the side on the other hand. And it is formed so that the combustion 
gas pressure P in the cylinder of the engine which is not illustrated may act on top-face 30a of the force transfer block 
30 perpendicularly as compressive force through a diaphragm. 

[0008] If pressure-receiving area of the aforementioned diaphragm is set to A and P and a force conversion efficiency 
are set to a for a pressure at this time, compressive force W will serve as W=PxAxa. 

[0009] Moreover, the input electrode 14 of the couple which carries out phase opposite, and 14' are prepared [ at the 
aforementioned silicon semiconductor 10 ] in the 45-degree direction from the <1 10> crystal orientation the 
counterclockwise rotation, and current is passed from the power supply to the silicon semiconductor 10 through this 
input-electrode pair 14 and 14'. 

[0010] Moreover, from the <001> crystal orientation, the output electrode 12 of a couple and 12' carry out phase 
opposite, and are prepared [ at the aforementioned silicon semiconductor 10 ] in the 45-degree direction the 
counterclockwise rotation. From this output-electrode pair 12 and 12', when compressive force W acts at right angles to 
crystal-face 10a of the silicon semiconductor 10, the voltage corresponding to compressive force W is outputted based 
on the piezoresistance condenser of a silicon semiconductor. Therefore, compressive force W, as a result die pressure P 
of combustion gas can be measured by measuring this output voltage. 

[001 1] That is, when compressive force W is applied to crystal-face 10a of the silicon semiconductor 10 through the 
force transfer block 30, voltage-output **V is detected between an output electrode 12 and 12'. 
[0012] 
[Equation 1] 
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AV= I XRXTTeaX C7z = VX^ 63 X Oz 

i : *s u o >^mm^tmm ( a) 

V : i/i;n>^Wc9]iD^tit«ff (V) 

TCes : 02 O^^S^r^U^V^^Obfxyjg^^ (cmVkg) 
cj 2 :|g^®10at{^tSJI^±i (kg/cm 2 ) 

[0013] In addition (several 1), the shown piezoresistance coefficient pi 63 By the following (several 2) "It is written 
and shown. Use of Piezoresistive Materialsin the Measurement of Displacement, Force, and Torque, 
R.N.THURSTON, and THE JOURNAL OF THE ACOUSTICAL SOCIETY OF It is indicated by AMERICA, Vol.29, 
No. 10, OCT, and 1957." For example, in the case of p conduction type of resistivity about 8 ohm-cm, it is calculable as 
abbreviation-33xl 0-6cm2/kg. 
[0014] 

[Equation 2]^ 

7T63 == ~ (tTii — 7ri2~7T44) 

4 

[0015] In a number (2), pi 1 1, pi 12, and pi44 are the piezoresistance coefficients in a legislation crystal, and, in the case 
of p conductivity-type silicon of resistivity about 8 ohm-cm, are set to pil I=6xl0-6cm2/kg, pil2=-lxl0-6cm2/kg, and 
p i44=138xl0-6cm2/kg. 

[0016] Therefore, as shown in housing equipped with the diaphragm at drawing 16 , measurement of a static pressure 
can also offer a possible combustion-pressure sensor by carrying out the assembly of the force detection element 2000 
which has the silicon semiconductor 10 known as a high elasticity material as a pressure detection means. 
[0017] 

[Problem(s) to be Solved by the Invention] although the invention-in-this-application person had recommended 
research and development to the pan based on the technology about the force detection element mentioned above, he 
became clear [ the following technical problems ] as the result 

[0018] (1) High-sensitivity(high power )-izing and the compression disruptive strength of a force detection element 
have the relation of a trade-off, and there is a limitation in high sensitivity(high power)-ization naturally from a 
viewpoint of reliability. 

[0019] High reliability is required although it is used under a harsh environment when a force detection element is 
especially used as a combustion-pressure sensor for automobiles therefore (never breaking especially is important). 
Therefore, even if it sacrifices a sensor output, the working load field of an element must be limited and priority must 
be given to reliability. It is difficult to attain the large improvement in sensor sensitivity from such a situation. 
[0020] (2) In the case of a mounted use, a cure (getting it blocked compensation of the temperature characteristic of a 
sensor output) to temperature is important especially. The technique of giving reverse **** to the input resistance of a 
force detection element, and canceling property change is effective in **** compensation of a sensor output. And in 
order to obtain **** of resistance with such sufficient convenience, it is necessary to use what doped the impurity for 
high concentration as a semiconductor single crystal which constitutes a force detection element. 
[0021] However, the piezoresistance coefficient pi 63 which the input resistance of an element will become low if high 
high-impurity-concentration diffusion is carried out, and is used for a semiconductor single crystal from the former will 
become small for the purpose of the improvement in the temperature characteristic of sensor sensitivity. A sensor 
output (voltage value) becomes very small to a degree, S/N gets worse, and it stops therefore, being equal to actual use. 
Therefore, in front of this invention, it was difficult to carry out actually technology of the **** compensation using 
high impurity concentration. 

[0022] Therefore, with the element structure which can constitute a bridge circuit only from compressive stress like pi 
63, high high-impurity-concentration diffusion or about [ lkohm ] input resistance could be secured, sufficient 
compression disruptive strength was secured, and development of the element structure of having sensitivity sufficient 
also by high high-impurity-concentration diffusion was desired. 
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[0023] this invention is for the high high-impurity-concentration diffusion which was made in view of such a technical 
problem, and the purpose secured sufficient compression disruptive strength, and was excellent in the sensitivity 
temperature characteristic to also have sufficiently high sensitivity, and offer a force detection element with high 
precision and reliability. 
[0024] 

[Means for Solving the Problem] this invention which attains the purpose mentioned above has the following 
composition. 

[0025] (1) The silicon single crystal in which this invention according to claim 1 has a field or the crystal face 
equivalent to this as a field (110) where compressive force is applied, The force transfer block which fixes with the 
aforementioned crystal face of the aforementioned silicon single crystal, and transmits the aforementioned compressive 
force at right angles to the crystal face, The susceptor seat which fixes to a field other than the field which the 
aforementioned force transfer block of the aforementioned silicon single crystal fixed, and supports this silicon single 
crystal, In the front face of the aforementioned crystal face which is the force detection element which ****** and the 
aforementioned force transfer block of the aforementioned silicon single crystal fixed The compressive force by force 
transfer block is received, and the gage from which electric resistance changes with the compressive force is formed, 
the aforementioned gage It is projected and prepared from the bottom of the level difference by forming a level 
difference in the front face of the aforementioned crystal face, and this gage It is arranged by the configuration with 2 
sets of sides which counter, and a Wheatstone bridge is constituted. The longitudinal direction of 1 set of gages of this 
is the <1 10> directions or crystal orientation equivalent to this. It is characterized by the longitudinal direction of 1 set 
of other gages obtaining the voltage output proportional to the compressive force which is the <100> directions or 
crystal orientation equivalent to this, passed current to the input pole of the aforementioned Wheatstone bridge, and 
was made to act on the aforementioned force transfer block from an output pole. 

[0026] (2) The depth of the level difference in the aforementioned crystal face for this invention according to claim 2 
making a gage project The aforementioned force transfer block which deformation produced with the compressive 
force when compressive force exceeded the specified quantity, A part of field [ at least ] which counters the level 
difference bottom of the aforementioned silicon crystal face serves as the depth which contacts the level difference 
bottom of the aforementioned silicon crystal face. When compressive force exceeds the aforementioned specified 
quantity by this, it is characterized by for the contact portion of the level difference bottom of a force transfer block 
and the silicon crystal face working as a stopper, sharing the aforementioned compressive stress, and supporting. 
[0027] (3) Set this invention according to claim 3 to the aforementioned crystal face of a silicon single crystal. It 
connects [ level difference / 1st / for making a gage project ], and the 2nd level difference shallower than the 1st level 
difference is prepared, by adjustment of the depth of these the 1st and 2nd level differences The aforementioned force 
transfer block which deformation produced with the compressive force when compressive force exceeded the specified 
quantity contacts only the bottom of the 2nd level difference of the above. When the bottom of the 1st level difference 
cannot be contacted now and compressive force exceeds the aforementioned specified quantity by this, it is 
characterized by for the contact portion of the level difference bottom of the above 2nd of a force transfer block and the 
silicon crystal face working as a stopper, sharing the aforementioned compressive stress, and supporting. 
[0028] this invention according to claim 4 (4) A gage It is arranged by the configuration of the square which has 2 sets 
of parallel sides mutually on the aforementioned crystal face. 1 set of the vertical angle of four bond parts of a 
******** gage w hich faced each other is made into an input pole. The voltage output proportional to the compressive 
force which other 1 set was made [ compressive force ] into the output pole, and current was passed [ compressive 
force ] to the input pole, and made the force transfer block act on an output pole is obtained. Moreover, it is 
characterized by arranging each gage so that the compressive force by force transfer block may be added to each gage 
which constitutes each side of the aforementioned square. 

[0029] (5) Each gage with which this invention according to claim 5 constitutes each square side is characterized by 
being prepared near the neutral line of the direction stress of a flat surface generated by compressing a force transfer 
block. 

[0030] (6) It is characterized by for this invention according to claim 6 serving as a field of the aforementioned gage 
which projected from the level difference bottom where, as for the surface portion, p type impurity was introduced at 
least, and the temperature characteristic of the resistance of the aforementioned gage being the temperature 
characteristic which compensates change depending on the temperature of the force detection sensitivity property at the 
time of impressing a constant voltage to an input pole by this. 

[003 1 ] (7) this invention according to claim 7 is characterized by the concentration of p type impurity serving as one of 
order of the order of 1x1018 atoms/cm3, or the order of 1x1020 atoms/cm3. 

[0032] (8) this invention according to claim 8 is characterized by establishing the guard bank where it comes to 
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dissociate the gage electrically by projecting from a level difference bottom to the same extent as the gage in the both 
.sides of the aforementioned gage which projected from the level difference bottom. 

[0033] (9) this invention according to claim 9 is projected from the surface level difference bottom of the crystal face 
to the same extent as the aforementioned gage to the aforementioned crystal face of a force transfer block and the 
aforementioned silicon single crystal which fixes, and is characterized by preparing the support height for supporting a 
part for the center section of the aforementioned force transfer block from which the gage is separated electrically at it. 
[0034] (10) this invention according to claim 10 is characterized by using pi 13 as a piezoresistance coefficient in the 
aforementioned gage used for detection of compressive force. 

[0035] (11) The manufacture method of the force detection element of this invention according to claim 1 1 The silicon 
single crystal which has a field or the crystal face equivalent to this as a field (110) where compressive force is applied, 
The force transfer block which fixes with the aforementioned crystal face of the aforementioned silicon single crystal, 
and transmits the aforementioned compressive force at right angles to the crystal face, It fixes to a field other than the 
field which the aforementioned force transfer block of the aforementioned silicon single crystal fixed. In the front face 
of the aforementioned crystal face which possessed the susceptor seat which supports this silicon single crystal, and the 
aforementioned force transfer block of the aforementioned silicon single crystal fixed The compressive force by force 
transfer block is received, and the gage from which electric resistance changes with the compressive force is formed, 
the aforementioned gage It is projected and prepared from the bottom of the level difference by forming a level 
difference in the front face of the aforementioned crystal face, and as a process which forms the aforementioned silicon 
single crystal which the surface portion of the gage which projected from this level difference bottom is the method of 
manufacturing the force detection element used as p type field, and includes p type field in the aforementioned gage 
row The process which introduces p type impurity into the surface section of n type silicon-single-crystal substrate, and 
forms p type field, It is characterized by having the process which obtains the narrow gage with which give mesa 
etching in the aforementioned surface section of the aforementioned n type silicon-single-crystal substrate except for 
the portion used as a gage, form a level difference deeper than the aforementioned p type field, and this comes to form 
p type field in the surface section. 

[0036] (12) this invention according to claim 12 is characterized by using a SOI (Silicon on Insulator) substrate as a 

silicon-single-crystal substrate in a claim 11. 

[0037] 

[Function] 

(1) In this invention of a claim 1, form the narrow gage which projected from the mesa bottom of a semiconductor 
single crystal, and this gage receives the compressive force of a force transfer block. Therefore, conventionally which 
had received compressive force in respect of the single crystal, pressure-receiving area is small, therefore big 
compressive stress acts with a gage unlike structure, and detection sensitivity is high. 

[0038] That is, it is expressed compressive-force W=P(pressure) xA(pressure-receiving area) xa (force conversion 
efficiency : ratio of the force which the fixed part of a diaphragm takes charge of, and the force of acting as 
compressive force W). Therefore, in order to set compressive force W constant and to enlarge stress (an output is 
proportional to piezoresistance-coefficient x stress) which acts on the detection element section, it is effective to make 
small pressure-receiving area of the detection element section. 

[0039] However, it is checked that effective compressive stress is acting, without causing rapid stress concentration in 
the measurement gage section, more than compressive stress increases in proportion to the amount which made small 
pressure-receiving area of a measurement gage field in the integrated analysis (FEM) in consideration of the anisotropy 
of this invention person's Si of electric field in the case of this invention. 

[0040] The piezoresistance coefficient pi 13 which has the maximum sensitivity is used for the structure of such this 
invention in the <1 10> directions on the field (1 10) of a silicon single crystal, and it can realize it by adopting the new 
composition of constituting a bridge. 

[0041] (2) In this invention of a claim 2, by adjusting a mesa level difference, realize stopper structure, distribute 
compressive force and raise pressure-proofing. 

[0042] That is, if compressive force increases and deformation (deflection) of a force transfer block becomes large, 
when a part of base of a force transfer block contacts the mesa bottom of a semiconductor single crystal front face, a 
stopper is constituted by this surface of action and this stopper shares compressive force by it, the stress concerning a 
gage will be distributed. 1 micrometer - 3 micrometers are suitable for a mesa level difference. 

[0043] (3) Raise the linearity of the output after stopper contact of a force detection element in this invention of a claim 
3 by making mesa structure of a semiconductor single crystal front face into two steps of mesa structures which are 
illustrated by drawing 7 , realizing prompt contact on the force transfer block base after a stopper operation, and the 
whole base surface of a shallow level difference, and seting constant promptly the touch-area change after a stopper 
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operation using bending of the force transfer block in a deep mesa level difference. 

[0044] That is, in order that the touch area may change little by little in the early stages of the start of a stopper 
operation so that it may illustrate to drawing 6 in not adopting two-step mesa structure, a provincial accent arises in a 
detection output. On the other hand, the touch-area change after a stopper operation is promptly saturated with two-step 
mesa structure (it is got blocked). Since the whole surface of the base region which functions as a stopper of a force 
transfer block contacts the base of a shallow level difference exactly promptly and the base of a force transfer block 
can contact the base of a deep level difference no longer, By what a touch area will not change after it and is become 
fixed [ change ] It can consider as the two-step output type (it has the high sensitivity property region SL 1 and the low 
sensitivity property region SL 2) which the linearity of the output in the first stage after a stopper operation is 
improved, therefore also uses a stopper field as a measurement field so that it may be illustrated by drawing 8 . 
Thereby, measuring range is expandable. 

[0045] That is, in the output characteristics of the stopper structure of drawing 8 , it is connected by the amount of [ a 
part for the bay of a high sensitivity field, and / of a low sensitivity field ] bay in the curvilinear portion. The sensor 
which has the two-step output characteristics which use both a high sensitivity field and a low sensitivity field can be 
done by lessening this curvilinear portion in a two-step mesa, and making large a part for the bay of a low sensitivity 
field. 

[0046] (4) In this invention according to claim 4, it is considering as the composition which arranges four gages (Gal , 
Ga2, Gbl, Gb2) in a square configuration, and gives the compressive force by force transfer block (60) to all gages so 
that it may be illustrated by drawing 2 . 

[0047] The following two operations are obtained with the composition of this claim. 

[0048] ** the operation by arranging a gage in a square configuration as mentioned above, by projecting and 
processing a gage, pressure-receiving area is reduced and sensor sensitivity can be improved However, it is tended to 
destroy [ a gage ] the horizontal component (for it to surely generate according to a structural error) which acts on the 
front face of a semiconductor single crystal only by making pressure-receiving area small. 
[0049] That is, it is tended by the angular moment (exfoliation stress) to destroy the compressive force WP of the 
direction of slant Gage GX with composition which is illustrated by drawing 4 (a). 

[0050] As this cure, it is effective to arrange each gage in the character type of RO, and to arrange around the 
compression side (base of a force transfer block) of a force transfer block (position which entered inside for a while 
from each side which was got blocked and has determined the configuration of a compression side) so that it may be 
illustrated by drawing 4 (b). By such composition, the compressive force WP from the slanting upper part comes to act 
on each gage as effective compressive force, and the exfoliation stress of the angular moment does not act, but it is 
hard coming to destroy. Therefore, a disruptive strength-proof improves. 

[005 1 ] ** the operation by giving the compressive force by force transfer block to all four gages — as mentioned 
above, pi 13 becomes effective, when arranging a gage to a square (character type of RO) These pi 13 has the 
maximum sensitivity in the <1 10> directions of a field (110), and if it is sensitivity 0 in the <100> directions, therefore 
arranges a gage in the direction according to claim 1 and constitutes a Wheatstone bridge, it can obtain the output of a 
half bridge with full bridge composition. 

[0052] However, the gage (Gdl, Gd2) of the <100> directions is arranged into the portion on which compressive force 
does not act so that it may illustrate to drawing 5 , if a layout which makes compressive force act only on the gage 
(Gal, Ga2) of the <1 10> directions is adopted, the compressive force of the horizontal component slightly produced by 
horizontal deformation of not only compressive force lengthwise [ effective ] but a gage will give a gage (Gal, Ga2), 
and it is ****. Therefore, the change of pi 13 by regular compressive force is overlapped on a changed part of the 
piezoresistance coefficient pi 12 ((**) of drawing 18 reference) produced with the unnecessary horizontal stress, and 
S/N gets worse (signal level falls and the linearity of an output becomes bad). 

[0053] Like drawing 4 as this cure, if compressive force is made to act also on the gage (Gbl, Gb2) of the <100> 
directions The direction of change of pi 12 produced on the gage (Gbl, Gb2) of this <100> direction, <1 10> The 
direction of the change of pi 12 by the horizontal component produced on the gage (Gal, Ga2) of a direction becomes 
reverse (since the gage lies at right angles), therefore change of pi 12 will be offset, and detection sensitivity improves. 
[0054] (5) Suppose that it will prepare near the neutral line of the direction stress of a flat surface which generates each 
gage which constitutes each square (character type of RO) side by compressing a force transfer block in this invention 
according to claim 5. 

[0055] This materializes more description it explained in operation ** of a claim 4 "it is effective to arrange around the 
compression side (base of a force transfer block) of a force transfer block (position which entered inside for a while 
from each side which was got blocked and has determined the configuration of a compression side)". [ effective ] [ it ] 
[0056] Here, "the neutral line of the direction stress of a flat surface" offsets each other and has mutually the level 
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stress of each direction generated by compression of a force transfer block, and means seemingly the line field which 
level stress does not produce. 

[0057] The symmetric property of right and left of the direction stress of a flat surface generated by a force transfer 
block deforming by compression and pushing a gage corner aslant by such composition can be secured, it negates each 
other, stress can be set to 0, compressive force comes to act on each gage as effective compressive force, level 
exfoliation stress is reduced extremely, and a gage becomes is hard to be destroyed. Therefore, a disruptive strength- 
proof improves. 

[0058] (6) Realize elevated-temperature-proof nature in the self-sensitivity temperature-compensation row of a force 
detection element in this invention of a claim 6 and a claim 7 taking advantage of the feature of a grid-like narrow 
gage. 

[0059] That is, both the sensor sensitivity (G) by constant- voltage impression and the resistance (R) of a gage change 
with temperature (T) so that it may be illustrated by the drawing_17 (**) (for example, it has the temperature 
characteristics Gl and Rl as shown in the drawing 17 (**)). 

[0060] And both **** changes depending on high impurity concentration like the properties rl and gl shown in the 
drawing 17 (b). Therefore, compensation of **** is possible by selection of high impurity concentration. 
[0061] That is, if the resistance of a gage rises 20% when the constant-current drive of the input pole of a force 
detection element is carried out and sensor sensitivity falls 20% by the temperature rise at this time, for example, **t, 
by increase of applied voltage, bridge input voltage rises 20% and can compensate a part for a sensitivity fall. 
[0062] In the case of a p type semiconductor, the high impurity concentration which closes such **** compensation if 
possible is in 1x1018 atom/cm3 (A points) and 1x1020 atoms/cm3 (B points) near, and can improve the temperature 
dependence of sensitivity sharply by this so that it may be illustrated by the drawing J 7 (**). 

[0063] In this case, in this invention, although the thin projecting gage is used therefore, the cross section is small, and 
resistance of a gage is formed into high resistance. Therefore, the gage which can secure about [ Ikohm ] input 
resistance as resistance of a gage also as high high impurity concentration as mentioned above, therefore is fully equal 
to practical use is producible. 

[0064] Moreover, according to this invention, elevated-temperature-proof nature can also improve for the following 
reasons. 

[0065] That is, if it forms p type layer by introduction of p type impurity for an above-mentioned **** compensation 
in creating a gage in the front face of a n-type-semiconductor substrate, pn junction will be formed inevitably. Since 
the leakage current of this pn junction increases as ambient temperature becomes an elevated temperature, it serves as a 
cause with poor ****. 

[0066] However, by forming a level difference for a pn junction interface more deeply by mesa etching, a pn junction 
side can be limited only to a gage section base, a leakage current can be reduced compared with the case where p type 
layer is uniformly formed in the front face of a semiconductor substrate, and an element strong against an elevated 
temperature is obtained by this so that it may be illustrated by drawing 15 (c). For example, it becomes usable [ to at 
least 200 degrees C ]. 

[0067] Furthermore, if the SOI structure illustrated by drawing 16 (c) is used, since an insulator layer intervenes and pn 
junction will not be formed, an element more strong against an elevated temperature is obtained. 
[0068] (8) Prepare a guard bank in this invention of a claim 8. 

[0069] A "guard bank" always supports compressive force, also always supports the horizontal component generated 
when a force transfer block deforms with compressive force, and has the work which reduces the horizontal component 
which acts on a gage. 

[0070] Therefore, the direction stress of a flat surface generated by a force transfer block deforming by compression 
and pushing a gage corner aslant is eased in the guard bank section, compressive stress effective in a gage is made to 
act efficiently, and things can do it. Therefore, improvement in a disruptive strength-proof can be aimed at in a high 
sensitivity-ized row. 

[0071] (9) Prepare a central height (it is also henceforth called the navel section) in this invention of a claim 9. This 
central height (navel section) always supports compressive force, and mainly carries out the work which suppresses 
deformation of a force transfer block. 

[0072] A stopper contact start load can be enlarged without making a mesa level difference increase according to this 
navel structure, (without lowering) sensitivity, keeping change of pressure-receiving area very small. Therefore, a high 
sensitivity field is expanded and it is useful to improvement in design flexibility. 

[0073] That is, although it is necessary to make a mesa level difference high in order to make a high sensitivity field 
large, the limitation of a mesa level difference is about 3 micrometers (if this is exceeded, exposure will fade) by 
restrictions of the resolution of a photolithography. However, by preparing a navel, the amount which a force transfer 
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block deforms with compressive force can be decreased to 10 by about 1/, there is nothing as a result with ** to which 
most pressure-receiving area of a high sensitivity field is changed, and the compressive force to which the workability 
of FOTORISO is secured and a force transfer block begins to contact a stopper can be expanded by 10 times. 
[0074] In the stopper structure mentioned above, a stopper start load is decided by the ratio of a measurement gage 
aspect product and a stopper aspect product, the mesa level difference, the existence of a navel, and the configuration 
and modulus of direct elasticity of a force transfer block. It is desirable to make a measurement gage aspect product 
smaller than a stopper aspect product, for making sensitivity high, to attach a navel, to lessen a mesa level difference 
from the ease of a process, and to make small the modulus of direct elasticity of a force transfer block from control of a 
stopper start load. At this point, DEBITORON (glass ceramics) is suitable as the quality of the material of a force 
transfer block. 

[0075] (10) In the claim 10, it has clarified using pi 13 as a piezoresistance coefficient in this invention. 
[0076] As shown in drawingj.8 (a), a piezoresistance coefficient pi 13 has the direction the same as the direction of 
voltage detection which passes current, and is the name of a piezoresistance coefficient in case uniaxial stress acts on 
the aforementioned direction and a perpendicular. 

[0077] Incidentally, the piezoresistance coefficient pi 63 which was being conventionally used with structure is the 
name of a piezoresistance coefficient in case uniaxial stress acts on the aforementioned direction and a perpendicular, 
when the direction of voltage detection and the direction which passes current intersect perpendicularly, as shown in 
the drawjngj 8 (b). Moreover, the piezoresistance coefficient pi 12 which became a problem by the claim 4 has the 
direction the same as the direction of voltage detection which passes current, as shown in the drawing 18 (c), and it is 
the name of a piezoresistance coefficient in case uniaxial stress acts at a level with the aforementioned direction. 
[0078] pi 13 has the maximum sensitivity in the <1 10> directions of a field (1 10), and if it is sensitivity 0 in the <100> 
directions, therefore arranges a gage in the direction according to claim 1 and constitutes a Wheatstone bridge, it can 
obtain the output of a half bridge with full bridge composition, so that it may be illustrated by drawing 1 9 . 
[0079] (11) Form a grid (grid)-like gage by the package mesa etch of a semiconductor substrate by the manufacture 
method of a claim 11. That is, after diffusing an impurity on the whole surface on the front face of main of a 
semiconductor substrate, a mesa etch is given and a grid-like gage is created. The gage (element) which has the 
outstanding property which this mentioned above in the easy process can be created. 

[0080] (12) By the manufacture method of a claim 12, the gage (element) which can also be used at the elevated 
temperature of 200 degrees C or more can be obtained by using a SOI (Silicon on Insulator) substrate according to an 
easy process (it can process at the same process as the process of a package mesa) (since pn junction is not formed). 
[0081] (13) By the above this invention, reliability can manufacture the force detection element of high sensitivity also 
8 times over the past highly. Therefore, when it uses for a combustion-pressure sensor, the amplifier for amplifying a 
sensor output may become unnecessary. 

[0082] If the amplifier section which occupies one third of the prices of the whole sensor is omissible, low-cost-izing is 

possible. 

[0083] 

[Example] Next, the example of this invention is explained with reference to a drawing. 
[0084] (1) Example 1 (with complete diffusion, a guard bank, and no navel) 

(Whole composition) The perspective diagram of the force detection element 1000 concerning the 1st example of this 
invention is shown in drawing 1 . 

[0085] The force detection element 1000 became the silicon single crystal 40 of a field (110) from the force transfer 
block 60 made from glass ceramics, and the plinth 70, and has fixed firmly by electrostatic junction, respectively. 
[0086] The silicon single crystal 40 of this (110) field is a n-type semiconductor with a resistivity [ cm ] of about 
lohm, and is formed in the shape of (width-of-face W2=l .4mm, length L2=2.0mm, and height H2=0.3mm) a 
rectangular parallelepiped. 

[0087] The plinth section 70 is formed in the shape of (width-of-face W2=l .4mm, length L2=2.0mm, and height 
H2=0.5mm) a rectangular parallelepiped. 

[0088] The gage (Gal-Gb2) of the shape of a character of the mouth of frill bridge composition is formed in the 
silicon-single-crystal front face by the side of the plane of composition of a silicon single crystal 40 and the force 
transfer block 60 by 10 micrometers of gage widths. This gage diffuses boron all over a n-type-semiconductor front 
face, forms the p type semiconductor layer (reference number 41 of drawing 3 ) of 0.001 -ohmcm, and is formed by 
processing 3 micrometers by mesa etching except for a gage (Gal-Gb2), the lead section 43, and the electrode section 
(44a 1 to 44b2). 

[0089] The force transfer block 60 which becomes a gage (Gal-Gb2) from the glass ceramics which fixed firmly by 
electrostatic junction is formed in a rectangular parallelepiped configuration (width-of-face W2= 1.0mm and length 
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L2=0.5mm), and the compressive force W applied at the top-face 60a is transmitted at right angles to a gage (Gal - 
Gb2) 

[0090] What expressed with the spherical coordinate system the sensitivity of the piezoresistance coefficient pi 13 
which determines the piezoresistance condenser which acts on a gage with this compressive force W is shown in 

[0091] The iongitudinal direction of 1 set of other gages Gbl and Gb2 is produced for the longitudinal direction of 1 
set of gages Gal and Ga2 with which the configuration of the character of RO faced each other in the <100> directions 
in the <1 10> directions, and the lead section 43 is taken out from four bond parts of a ******** gage. 
[0092] The lead section 43 consisted of the same p type semiconductor as a gage (Gal-Gb2), and is electrically 
connected to the electrode section 44al to 44b2. 

[0093] The electrode section 44al to 44b2 has the thickness of about 1 micrometer. A reference number 44al and 44a2 
are input poles, and 44b 1 and 44b2 are output poles. If fixed current is passed to the input pole, the voltage output V 
proportional to' the compressive force W which made the force transfer block 60 act on an output pole will be obtained. 
This voltage output V, compressive force W, and the related formula of a piezoresistance coefficient pi 1 3 are shown in 
(several 3). 
[0094] 
[Equation 3] 

AV = Vin- § {tt 13 (<r 8 ) i + xi* (a ») i+ffn (d) i} / (2Ri+ARO 



{0U Ri = < 1 0 0>^l^©^-i?©®tri 

R 2 = <1 1 o>#fl©y-^©ffii/t&(fe 

[0095] Moreover, a piezoresistance coefficient pi 13 can be expressed in writing, as shown in following (several 4). 

[0096] 
[Equation 4] 

7Ti3= (7T ii+7Ti2 — 7T4*) 

2 



{BU (7Tii-7T44) 

[0097] (Structure of a combustion-pressure sensor) The combustion-pressure sensor 1 100 which carried out the 
assembly of the force detection element 1000 of this example as a pressure detection means is shown in drawing 13 . 
[0098] This combustion-pressure sensor 1 100 contains the tubed housing 80 equipped with the metal diaphragm 82, 
and the force detection element 1 000 attached and fixed in this housing 80. 

[0099] The wall surface of the cylinder head of the engine which is not illustrated is equipped with housing 80, and it is 
formed so that the cylinder internal pressure P operation of may be done at the metal diaphragm 82. 
[0100] In housing 80, the force detection element 1000 uses for and attaches the seal terminal 90, and is fixed, and the 
crowning 62 of the force transfer block 60 has become dome shape-like, and touches the rear-face side of the metal 
diaphragm 82. 

[0101] Therefore, with the metal diaphragm 82, the pressure P in a cylinder is changed as compressive torce W, is 
transmitted to the top face 62 of the force transfer block which constitutes the force detection element 1000, and, 
finally acts on the crystal face (110) of the silicon semiconductor of drawing 1 as compressive stress. 
[0102] Moreover the lead pins 92a, 92b, 92c, and 92d (only 92a and 92b are shown in drawing.! 3 ) are formed in the 
seal terminal 90. And as for the electrode 44a 1 of a lead pins [ 92a, 92b, 92c, and 92d ] upper limit and the force 
detection element 1000, 44a2, 44b 1 , and 44b2, electrical installation is made in with a diameter of 50 micrometers 

bonding wire 94a etc. . , iaa*u- 

[0103] When the cylinder internal pressure P acts on the diaphragm 82 of the combustion-pressure sensor 1 100, this 
pressure P is transmitted to the force detection element 1000 as compressive force W, and is changed into voltage- 
output **V based on the piezoresistance condenser of the silicon semiconductor 40 shown above (several 4). 
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[0104] Therefore, the cylinder internal pressure P can be measured correctly, without being influenced of disturbance 
etc. In addition, as a silicon semiconductor of others which can use a piezoresistance coefficient pi 13 effectively, 
although p conduction-type (1 11) side, a field (21 1), and n conductivity-type (100) side exist, p conductivity-type (110) 
side has the largest coefficient. 
[0105] (The feature of this example) 

** As the feature of this example is first shown in drawing 3 (a), each gage (only Gal and Ga2 are shown by drawing 
3 ) is processed as a narrow gage which projected from the semiconductor substrate (mesa bottom), As shown in a row 
at drawing 3 (b), by adjustment of a mesa level difference When a load exceeds the specified quantity, it is the stopper 
fields' (a part of base's of the force transfer block 60 a row's mesa level difference bottom's of n type silicon substrate) 
STP1-STP4 contacting mutually, and a stopper's acting, and sharing compressive force (W). The compressive force 
concerning the gage which was solidified by this stopper operation and became thin is shared, and a disruptive strength 
improves. 

[0106] The output characteristics of the sensor of this example are shown in drawing 6 . The high sensitivity property 
SI is a property in the state where a stopper is not acted, and the low sensitivity property S2 is a property after a 
stopper acts. The stopper operation start load is shown as WP1 among drawing. 

[0107] The property of a sensor output over the compressive load of this example is shown in drawing 12 . A 
characteristic curve Dl shows the property of this example. 

[0108] ** Other features of this example are that the compressive stress of the force transfer block 60 acts on that four 
gages Gal, Ga2, Gbl, and Gb2 are arranged by the character type (square configuration) of a mouth, and a row at all of 
these gages, as shown in drawing 2 . 

[0109] Although a silicon gage shows a disruptive strength very strong against vertical compressive force, therefore 
horizontal stress and a perpendicular direction pull it and there is a property to be weak in the force, in this example, 
composition like drawing 4 (a) is not taken, but like drawing 4 (b), a gage (Gal, Ga2) is arranged around the force 
transfer block 60 (the near neutral line of plane stress), and it is reducing horizontal stress. 

[01 10] That is, by producing the gage section of the configuration of the character of RO near the neutral line of the 
direction stress of a flat surface generated by compressing the force transfer block 60, the both sides of the direction 
stress of a flat surface of a gage can be balanced, and mild ** of the direction stress of a flat surface to a gage becomes 
possible. 

[01 11] moreover, if it is the structure (others ~ 1 set of gages Gdl and Gd2 are not compressed) which compresses 
only 1 set of gages (Gal, Ga2) as shown in drawing 5. , since the influence of piezoresistance coefficients other than 
pi 13 by horizontal extension of a gage will appear in a detection output directly and sensitivity will fall, it is made to 
compress all gages to be shown in drawing 2 

[0112] In this case, change is offset and it is ceased to affect an output, since change of piezoresistances other than pi 1 3 
with a sign opposite to the gage which intersects perpendicularly arises. 

[01 13] ** By this example, as shown in drawing 3 , diffusion of high-concentration p type impurity is made by the 
amount of [ which receives directly the compressive force of a gage Gal and Ga2 grade ] point again. This high 
impurity concentration is the concentration of A points or the order of B points of the drawing J7 (b), and, thereby, an 
automatic compensation of**** of a sensor output is made. 

[01 14] ** Further, by this example, since the cross section of a gage is small, high high impurity concentration can also 
secure about [ lkohm ] input resistance, and the gage borne at real use can be obtained. Moreover, pn junction arises 
only in the gage section, but can reduce the leakage current from the pn junction accompanying elevated-temperature- 
izing of environmental temperature. Therefore, about at least 200 degrees C can use it. 
[01 15] (2) Example 2 (two-step mesa structure) 

The 2nd example of this invention is shown in d rawing 7 . In this example, two steps of mesa etching is given to the 
front face of n type single crystal silicon 40, and the 1st mesa section MS 1 of a shallow level difference and the 2nd 
mesa section MS 2 of a deep level difference are formed in it. 

[01 16] In this case, a part of base of the force transfer block 60 corresponding to this field functions on the shallow 
base row of the 1st mesa section MS 1 of a level difference as stoppers STP1-STP4, and the level difference is adjusted 
so that the portion corresponding to the 2nd mesa section MS 2 of a deep level difference may not function as a 
stopper. 

[01 17] Consequently, since bending of the force transfer block 60 arises in the 2nd mesa section MS 2, a stopper works 
promptly in the 1st shallow mesa section MS 1 by this and change does not arise in a touch area after that, as shown in 
drawing 7 (b), As shown in drawing 8 , the linearity of a force detection output improves (**** in the early stages of 
the stopper operation resulting from change of a touch area which is looked at by drawing.6 decreases). 
[01 18] That is, according to double mesa structure, touch-area change after stopper field contact can be promptly 
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carried out to regularity, and, thereby, it can consider as the two-step output type which also uses a low sensitivity field 
as a measurement field. Therefore, measuring range can be expanded and only a required portion can be measured now 
by high sensitivity. 

[01 19] (3) Example 3 (a guard bank, those with a navel) 

Composition a guard bank and with a navel shows the perspective diagram of the force detection element which 
produced gages Gal-Gb2 by complete diffusion to drawing 9 . 

[0120] The feature of this example separates a 1 to 5 times as much distance as the width of face of this gage on both 
sides of the gages Gal-Gb2 arranged by the configuration of the character of RO, and has the shape of a gage, the same 
quality, and isomorphism. The guard bank Kl which has not been electrically connected to the gage section - K5 are 
prepared, and relief of the direction stress of a flat surface to a gage and stress concentration of a gage shoulder are 
eased by this guard bank, It is having formed in the row the central height (navel section) HA which has not connected 
with a gage electrically in a gage, the same quality, and this height near the center of the gage of the configuration of 
the character of RO, and having enlarged the stopper contact start load according to this navel structure, making 
pressure-receiving area change into smallness extremely (** which does not lower sensitivity). 
[0121] as the guard banks Kl-Kl are shown in drawing 10 , it is individually prepared in the outside of gages Gal- 
Gb2, and guard bank K5 is boiled inside gages Gal-Gb2, and is prepared in one 

[0122] moreover, the thing to establish for the navel section HA which has not been electrically connected to a gage in 
a gage, the same quality, and this height near the center of the gage of the configuration of the character of RO - navel 
structure — pressure-receiving area change ****** - a stopper contact start load can be enlarged, maintaining small 
The load-output characteristics at this time are shown in drawing 12 . A characteristic curve D2 is the property of this 
example. It turns out that property ratio ** of the structure of dra wing 1 and destructive pressure-proofing are quite 
high. 

[0123] According to this example, as shown in drawing 1 1 (b), the central height (navel section) HA always supports 
the force transfer block 60, the deformation is suppressed, in order to, share the compressive force which requires the 
guard bank Kl - K5 for a gage on the other hand, there are few burdens concerning a gage than the structure of 
drawing 1 shown in drawing 1 1 (a), and, therefore, pressure-proofing improves like drawing 12 . 
[0124] (4) Example 4 (mesa package process) 

A mesa package process as considered as the technique of producing efficiently the force detection element 
(semiconductor device) of the structure mentioned above and shown in drawing 15 is effective. 
[0125] By this method, first, as shown in drawing J: 5 (a), p type impurity is diffused in n type silicon-single-crystal 
substrate 40, and p type diffusion layer 41 with a depth of about 1 micrometer is formed in the whole surface from a 
front face at it. 

[0126] Next, as shown in this drawing (b), it leaves the gage section, the lead section, and the electrode section, and 
mesa etching of about 3 micrometers is given, and the stopper section, a gage (Gal, Ga2 grade), the lead section, and 
the electrode section are formed collectively. 

[0127] By such manufacture method, the semiconductor device of this invention shown in drawing 1 or drawing 9 can 
be formed efficiently. 

[0128] (5) Example 5 (mesa package process using the SOI substrate) 

In this example, the semiconductor device concerning this invention shown in drawing 1 or drawing 9 is manufactured 
using a SOI substrate. 

[0129] Although there is a method of using epitaxial growth technology, silicon wafer direct junction (SDB) 
technology, and SIMOX technology as a means to realize the silicon substrate of SOI structure, in this example, a SOI 
substrate is created by the SIMOX method. 

[0130] That is, first, as shown in drawing 16 (a), an oxygen (02) atom is driven in from the front face of n type silicon 
semiconductor substrate 40, 02 is activated with heat treatment, and an insulating layer (silicon oxide of the reference 
number 45 of this drawing (b)) is formed in the interior of the front face of a silicon substrate. 
[0131] Then, as shown in drawing 16 (b), boron (B) is diffused on the whole surface and high-concentration p type 
layer 41 is formed. 

[0132] Next, as shown in drawing 16 (c), mesa etching is given, and a gage Gal and Ga2 grade are formed. 
[0133] Pn junction is not formed, and a leakage current does not arise under an elevated temperature, but the gage of 
SOI structure can be used also in a temperature environment 200 degrees C or more. 
[0134] Such a semiconductor gage of SOI structure is used assembling it like drawing 14 . 

[0135] In drawing 14 , the semi-sphere-like head 62 is formed in the crowning of the force transfer block 60. The touch 
area of the metal diaphragm 82 shown in drawing 1 3 and the force transfer block 60 becomes small by this, direct heat 
conduction from the hot metal diaphragm 82 to a force detection element decreases, and the temperature rise of a force 
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detection element can be suppressed. Therefore, the adoption effect of the gage of SOI structure is suited, and it waits 
and has the structure where it is suitable with the use under an elevated temperature. 

' [0136] As mentioned above, although this invention was explained based on the example, this invention is not limited 
to these and can deform variously. For example, although each example shown above explained this invention taking 
the case of the case where it applies to a combustion-pressure sensor, this invention can be broadly used in various 
fields not only this but other than this. 
[0137] 

[Effect of the Invention] According to this invention, the following effects can be acquired as explained above. 
[0138] (1) In this invention of a claim 1, since the narrow gage which projected from the mesa bottom of a 
semiconductor single crystal is formed and this gage receives the compressive force of a force transfer block, pressure- 
receiving area can be small, therefore big compressive stress can act with a gage, and force detection sensitivity can be 
raised extremely. 

[0139] (2) In this invention of a claim 2, by adjusting a mesa level difference, stopper structure can be realized, 
compressive force can be distributed and pressure-proofing can be raised. 

[0140] (3) In this invention of a claim 3, die linearity of the output of a force detection element can be raised by 
adopting two steps of mesa structures as a semiconductor single crystal front face. 

[0141] (4) In this invention of a claim 4, improvement in the disruptive strength-proof of an element and high 
sensitivity-ization of an element can be attained by the operation by arranging a gage in a square configuration, and the 
operation by giving the compressive force by force transfer block at a row to all four gages. 

[0142] (5) In this invention of a claim 5, by preparing near the neutral line of the direction stress of a flat surface which 
generates each gage by compressing a force transfer block, compressive force comes to act on each gage as effective 
compressive force, level exfoliation stress is reduced extremely, and a gage becomes is hard to be destroyed. 
[0143] (6) In this invention of a claim 6 and a claim 7, elevated-temperature-proof nature is realizable for the self- 
sensitivity temperature-compensation row of a force detection element taking advantage of the feature of a grid-like 
narrow gage. 

[0144] (8) In this invention of a claim 8, by forming a guard bank, the direction stress of a flat surface generated by a 
force transfer block deforming by compression and pushing a gage corner aslant can be eased, and improvement in a 
disruptive strength-proof can be aimed at in the high sensitivity-ized row of an element. 

[0145] (9) A stopper contact start load can be enlarged in this invention of a claim 9, without making a mesa level 
difference increase (without lowering) sensitivity keeping change of pressure-receiving area very small by preparing a 
central height (navel section). Therefore, a high sensitivity field is expanded and improvement in design flexibility can 
be aimed at. 

[0146] (10) In the claim 10, it has clarified using pi 13 as a piezoresistance coefficient. It has the maximum sensitivity 
in the <1 10> directions of a field (110), and pi 13 is sensitivity 0, therefore if it constitutes a Wheatstone bridge in the 
<100> directions, it can obtain the output of a half bridge with full bridge composition in them. 
[0147] (1 1) By the manufacture method of a claim 1 1, the gage (element) which has the performance which was 
excellent with the easy process can be created by forming a grid (grid)-like gage by the package mesa etch of a 
semiconductor substrate. 

[0148] (12) By the manufacture method of a claim 12, the gage (element) which can also be used at the elevated 
temperature of 200 degrees C or more can be obtained by using a SOI (Silicon on Insulator) substrate according to an 
easy process (it can process at the same process as the process of a package mesa). 

[0149] (13) By the above this invention, reliability can manufacture the force detection element of high sensitivity also 
8 times over the past highly. Therefore, when it uses for a combustion-pressure sensor, the amplifier for amplifying a 
sensor output can be done as it is unnecessary. If the amplifier section which occupies one third of the prices of the 
whole sensor is omissible, low cost-ization of a combustion-pressure sensor can be performed. 
[0150] 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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(54) FORCE DETECTING ELEMENT AND 
MANUFACTURE THEREOF 

(57) Abstract 

PURPOSE: To provide a force detecting element securing 
sufficient compression breaking strength and having a 
high output and high reliability. 

CONSTITUTION: This farce detecting element 1000 is 
constituted of a silicone monocrystel 40 having the 
110-plane, a force transmission block 60 made of 
crystallized glass, and a pedestal 70, and they are 
firmly fixed by electrostatic connection respectively. 
Gauges Gal, Ga2, Gb1, Gb2, lead sections 43, and 
electrode sections 44a1 p 44a2, 44b 1, 44b2 are protruded 
by 1 -3jjm from a mesa bottom section by mesa etching on 
the surface of the silicone monocrystel 40 on the 
connecting face side between the silicone monocrystaJ 40 
and the force transmission block 60. The pressure 
receiving areas of the gauges are reduced to obtain high 
sensitivity, and the mesa step is adjusted to realize a 
stopper structure and secure the breaking strength 
resistance. 
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tt (R) tt&icMS (T) fc«fct>T*fl:-r* 

017 (7) C^£*l5«k-3&i&*ftttG 1, Rl^t) 

[0 0 6 0] -e-lt, m^Qfiftt*. 017 K) (c^ 

[0 0 6 1] *J*fe*DiSfT©A2jfii£5£«iriEffif!l 
b. rott, fll*.fc£. A t ©a*±#T-fe>1*-SRft*t 

2 o %(STbfci$. mzy-i?<DmMm&2 o x±# 

[0 0 6 2] dOJ:-5«:»»*tfl|*W«&6U«&*^tt 
#lz8Stt. pffl*«fr©«#k:tt, 017 (-f) fcfc^ 
£*l-5«fc5K:. ixio"atom/cm ! (A,&) 
<*:, ixi0 ! 'atoms/cm ! (B,S) IfM 

[0 0 6 3] CCOS^r. *%?IT-H lUSSUll/fcy- 
ttiSJftSWfcSftT^*. bfc**oT. ±ifl>cD<fc 3 tCiU^ 

[0 0 6 4] **WfcJ:*ltf. £TF<a9AlcJ:9 

[0 0 6 5] OSD. nM##ft:a«©S®<cy-^Sr 
0>#Afc«fcoTp &&ttJfCpnj*d' 

is® eft s \z itixmiz-t z> tzst>i&m?F&e)— m t & 

So 

[0 0 6 6] b^U 015 (c) \ZW^tlZ£o 



iz. ^i7f>^i:ioTp ntt^||LSft«koai<a 
M^fiTf -SCI oT. p nSE-&ffi*y->?g|5JSS 

P^BSrS^bfcig^lClt^ U-^t«E*fiSTt. 

u< tfc2 o o"c*-e©ffiffl7!><prtg<tite-5. 

[0067] 016 (c) tC^JS^tt-SSO I 

10 [0 0 6 8] (8) B*S8©^T11 *'-h*A'> 

[0 0 6 9] r^-h'A*>^j tt, *IC£EM/I«£X.. 
Jl fciiT" D y ? jWEBB* K «t 0 S«t -5 d <fc K «fc 0 5t± 

15 (gi«£l±3«m£fc^. 

[0 0 7 0] Lfe*bT, *eai^Dy^**£BlilCj;0 

^ try- 3?ft»s*w>Kjrr c £ k «t o sb^t * . 

[0 0 7 1] (9) W^cJS 9 ©*^T11 

25 jBsupM-r****-*-*. 

[0072] ccDrnmrnz^v. ^smm^mt^mnb 

30 LTt&ft-gE&gWftilC&iro. 

[0 0 7 3] »««***l£<-r-5K:tt. 

u yy57-fOi««o(((«cj:ti«3(«m (cms® 

1/1 0fC«^$-&Sdt*fC^, SItLT. Bfgg 
40 [0 0 7 4] ±&b£:X hy/mi&lZ&^T. 

45 ^.^m$^e.^+»-gMSr^< b. X h-y/X^^M 

wsa fflfr ti em y □ ? ? <DWtm&&fk & ^ z < -r z> <d 

[0 0 7 5] (1 0) »*JS1 0-C«. 
50 T, fX'/jtS^tbTTC.jSrffiffl-r^Ci^^Sift 
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[0 0 7 6] ex'/jgia^ffc^tt. mi 8 (a) \Ztk 

[0 0 7 7] S6**JtT?filfflUT^fclfX»y 
J£fitGMSU 6 ,tt. 018 (-f) (C^$tl-5«t^tC«JE*l 

tB©*ifiiA:«***-r*iBi*»a[3E-r**€rK:. «raa*iRi 

^©ctc 12 «, 018 (•» fcjRr*-J:5lc, «ff^(±l©^ 

[0 0 7 8] 7C,j«. 0 1 9^J^S*X«.<t'5fC. (1 
10) B© (110) ^[6](-«^CCD^fi* : b-&. <1 0 

o> *[6ii:(iiaot**o, bfcz&^T. m$tmi\z§z 

[0 0 7 9] (11) f»#Jg 1 1 WSSit^ffiT'tt, 
^a«W-*^-9-x-y^(cJ;0> ^U7H (t&^) 1K<£> 

fc«nfcfctts#-r*y->> (*^) stwe**. 

[0 0 8 0] (12) «*J» 1 2 ©gtifi^teTtt, S O 
I (Silicon on Insulator) g^g 

g<hp5]i;igT«a3T*#£) tci;9, 2 0 0 V.!ZK±<DM 

(p ng&«§tl&^&i!)) . 
[0 0 8 1] (1 3) a±©*«ffllCJ:oT, flMBttfl* 
«<. fro. «*<©8^fcii5!S«©^^»^^SjfiT- 

[0 0 8 2] -fe>-9-^«e<DfflBt&© 1/3 7>7 P 
gR£*B&T-i*ntf, D-3X r-{t^^T-*S. 
[0 0 8 3] 

[0 0 8 4] (i) mmmi (±m&m. #-ka>* 

1j&tom=? 1 0 0 0 



[0 0 8 5] ^filtf 1 0 0 011 (1 1 0) I©y 

6o*mi7 0;!i^^i), t-n^nwrnss^fctt) 

05 [0 0 8 6] (110) BOy'j3>^S40 

tt. ^t$«lQcm©nSf##T*t), fgw 2 = 
1. 4mm. g£L 2 =2. 0mm, ig£H 2 =0. 3m 
mCDit73#:ttfC^fi£ $ tlT ^-5. 
[0 0 8 7] £\&SR7 0te, i|SW t =l. 4mm, 

10 L 2 =2. 0mm, jg£H 2 =0. 5 mm<D\M.Jj&Vi\ZB 

[0 0 8 8] i/'J 3>#*SS4 0 t^gg/'a 6 0 
©MlfliJOy U rJ >*tS*«BIKtt, y-yi 1 0 y 
mT7)l/yj yy^©P©^©y-y (Ga 1~G 
15 b2) «StlT^5. C<©y-v«, nif##$ 
ffi^ffifctfD 0. OOlQcirKOpifi 

#m (0 3CO#fiSS^4 1) *®(SU y— y (Ga 1 
~Gb2) . U-KBR43, m.U&> (44al~44b 
2) &^l/iT/-y-X«y^>^fC«k0 3 /xmiPI-rSdt 

20 ciOf^sns. 

[0 0 8 9] y— S> (Ga l~Gb 2) 1&n&&lZ 
i^6 0li, dWj= 1 . 0mm, ft£L 2 =0. 5mmC 

a^ft^t^c^sn. ^©]iM6 o atcsn^e»n-5jE 

25 tt*jW*y-5? (Gal~Gb2) KSttfcgg-T*. 
[0 0 9 0] CCDJESI^W^^O, y—xCf^ffl-TStf 

x\/ttst3a»s*5rr* t;x 

ffi®&T*Lfct>©£0 1 9 (C^-T. 
[0 0 9 1] DCD^©Bt^<D(B]^^a5o^: lMcoy-->* 
30 G a 1 , G a 2 ©fi^fo^ (110) ffitf) 1 

jjacDy-vGb 1, Gb 2 £>fi#vjft£ (10 0) ^ 
Kfls« U Rfc o fcy -S?©*S£» 4 iiBr^ 5U-r'» 

[0 0 9 2] U-HgP4 3«, f--J (Gal~Gb 
35 2) tRUpS*«**>6a(l, 9S8R4 4 a 1~4 4 
b 2 Kl*SlWlc8EaEL-0»*. 

[0 0 9 3] ttffiSU 4 al~44b2li ^ 1 wm© 
JP^-^fe^o #RB#^4 4 a 1 , 4 4 a 2 ^*A^@T'* 
•3. 44 b 1, 4 4 b 2 ^m^ffiTafe-S. A^ffiCl— j£ 

40 ms££siE-£fc£, m^Sfc^ea^n-y^ 6 o£fluB2-& 
(»3) t^-r. 

[0 0 9 4] 
45 [&3] 
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AV = Vin • Z {rt 13 (a 3 ) i+zr^ (cr 2 ) i+?r.i (ai) i} / (2Ri+AR 2 ) 

fiU Ri = < 1 0 0>^[SICD^— ^©ffita; 
R 2 =< 1 1 O^IrI©^— vwmH&fa 



[0095] *fcex'/jatt«*7c H KmT© <*4) 

©<fc 3 izm^-T £ 

l 

7T i 3 = 

2 

fSb v 7Ti2« (7Tn 



[0097] m&m-t^wmm.) mi 3cn, 

[0 0 9 8] H©«S«|EE-t>-y-l 10 0B, ^SiS^-f 

^s?>^8 ortic«t#^HS*nfc**»si^Pi ooo 

[0 0 9 9] /\Ozs>{f8 Ott. a^b&HX>v>>© 

->u >y^-y F<8S®i;:**sft, &mmy-t 775A 

[0 10 0] ^jKMO*^ 1 0 0 0H l\tJV>if% 0|*3 

tc««®^ 9 0 *ffl«.»T*f+frtH«sn, ^©^eii:/ 

D-y^6 0©Hg|S6 2 «H-AI«i&oTiJD, 
[0 10 1] Lfc^T. ->U >^rt©JEE^)Ptt. &J3 

Awnx7i 0 0 o^wt4^ei7"ny^0iB6 
2tcea$n. a^ewcs i©^ □>¥##© (1 1 

0) jgS®fCJEEiHS*t>^<i:LT^fflf 5. 
[0 10 2] 3cfc. ^Sf9 0i:ll U-h*tf>9 2 
a, 92b, 92c, 92d (92a, 92b©*il 
3 atKW-£ftT^-5. f LT. 'J— h* 

t>92a, 9 2 b, 9 2 c, 9 2 d ©_h$S£: f)^.^m 
f 1 0 0 0Otl44al, 44a2, 44bl, 44 
b2(i (15 0 //mWJl?^ >y-7-f 1 9 4 a*?!: 

[0 10 3] j&gfeE-fe>-tf 1 1 0 0O^777A8 2 
\Z, >^qJE7jP#f£fflL7c:*§£. £©ffi*jPte. 
ffifil^WtLT^^a^l 0 0 0fc£ig$*l, ffjfc 

(&4) fc^Lfe->Un>^«:4 0©tfxVffigi^* 

[0 1 0 4] '&r>T9V&*$V>mW$:%LttZ>Z\lits.<. is 
U >^JE^P*iEfStcai3t-r-5ili:*t-C^-5. 



[0 0 9 6] 
10 [*4] 

( 7T 1 1 + 7T l 2 — 7C44) 



>*3ftibT, pg«f (1 1 1) ®. (2 1 1) 
ffi, n#«S (10 0) ®*t#ft-r**«, vWM (1 
10) iB«i*t>«»*t**V». 

20 [0105] (*mmm<nmm) 

m^mmmommz, *r. H3 (a) (c^ns^ 

«> a*, (^-y-jssp) *^^tUL7t«B^y- 

viLTJPXStlTO^Ct. UZZfiZ, M3 (b) K 
*£jBA£<i. Xh7/W (t>mm7n'yi? 6 0©Jg 
TP1~STP4) **SWcS$tbTX h-yA/Wffl 

u ffiBS^ (w) s^fi-r-s i 5 caoT^s c <fc-rfe 

30 -So £©X hy/Sfcmiz£ 0. St#{fc£nTMK&-3fc 
v \Z frZ JEE^77 $ *U fflt*& |p|±t- 

[0 10 6] 0 6(C, **Jfc09©i*>tf©HJ*4$te#jK 

ftg&<KM£s iifixh>ym*femvtt^vtm\z 

35 *ms*HMre& 0 . ffigftttttS 2 d*X h y/MMtm L 

[0107] *si^j©jEan^a(r*f-r-5ir>-y-m^© 
m 1 2 icssn*. #&tt&D 1 &*nffim<n 

40 

[0108] m*$zmw<z>i&<Dmmz, em^^an* 

<fc5K. 4W-7Gal, Ga2, Gbl, Gb2 

yc, cn^wy-vw^gptc^ea^D-y^ 6 o©je 

[0 10 9] yUa>y-y(t ^fi7j[6]©JE*i77f;:ti; 

mjjfa<DU-?lXQJ]\Z\tm^£:^o&n&$>2>. 
t>T. *Slffi^JT«, 0 4 (a) ©«fc 5 

50 -r. H4 (b) ©.fc^ic. T^eayo ^ 6 o <nmm 



— 7Ca) 
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(¥®JS*J0»t»SUftiS«) izy-iS (Gal, Ga2) 
CO 1 1 0] tlfcM7ny?6 oSEEIfr*-*;: 

i8ttoy-y»*ff«T4 C i C J: t) . y-3?OSF®* 

[0 111] Sfc. H5fC^fJ:5J6tHftoy— 3? (G 
al, Ga2) CD»«£EMrr««liB (ffi^lftoy-y 
Gdl, Gd2BE«L-aW iT-Si. y-S?©#¥ 

co 1 12] ias;-r*y-^K:tt. «f^*«k 

CO 1 1 3] ■ **W«Ttt. H 3 KjRTJ: 3 
t'. y-/Gal, Ga 2^<Dffi*g*j£lfi}g{;:§tt£$fc 

•5.0 z.<r>7$.WtoWt&St., 017 (-f) OA^ifctiB^ 

[0 114] iS^C, *^SS^JTtt« y-v*©»fB« 
ft*/h3t>fc<£>£. X7M«llWKT<bl kQSflE©A*» 
ta5r«ffiT#« SMMBKBASy-^SI&SCtat-e* 

•5. LfcAioT, i!>&< tfe 2 0 CCg&STte, <£ffl 
CO 1 1 5] (2) mmM2 (2g^.it«jfi) 

0 7 \z*%.w<nm 2 ©sfejfiw**^* n*. **«5«t? 

tt. ni»»flyij3>4 0©^®fC2apgW^-y-X-y 
^>^£i&gU «Ug|gcDS?! 1 d^-tJ-SBMS 1 gjln 
IS:ig©ffS2c75*+hgPMS 2*MLW5. 
CO 1 1 6] CC0^> «t>g:lt©lfil©*-y-gPMS 1 

v>fe.wtzt>TS\z. z\<Dmiz*ifc-r2>j]&m7uyp 6 0 

<75IgtS£>— gR©^#iX hy/1STP l~STP4ibT 
So 

CO 1 1 7] CCD^m. 07 (b) \Z7H2tlZ>£o\Z. 

^2®^-y-g|5Ms 2tc*3v>T^ea^D-v^ 6 o <nm&- 
a*£t;. cntiox^^^io^-y-spMs ifc*j^x 
a^icx k v/wmz> tomzmtemmzmittftk 
cte^tzib. 08 iz^n^jioiz. Ji&tfamtiov — 

7Uf^!i«lSl±t5 (0 6CJi<=>n-5<fc:5&. J&MBi* 
<n$zM\z&m?%7>byrtftme)Wm\z&WZ>$S.0tf'P 

CO 1 1 8] 0*0. ~a*+Miig{;;J;0. X h-y/tm 



05 CO 11 9] (3) HJffi^J3 (^-K/\*>^. gfafeO) 

[0 12 0] *%fi&0y<Dtirfttt. n© i 3=©»tt»cE»* 
10 tlfey--^Ga l~Gb 2«iMi'J(C, I©y-i?o(i® 

i~5ffif©re«*iHTTy->'twift. n.m. 

Nicy— ^tflCttlftLTV^^^f— K/t>jrK 1 ~K5 
£t£tt, z\<du— hv\->^ k «t o y— v ? ^©¥B*IrIJE£; 

*©i»sity-^]sr*ojc**«f©«ifti*ff5ct. a 
is emc, D©^<D^«©y-> ! co4 i '5jfi^c, y-yi 

RSI, ^^Tl^liy-yCMtLTV^iliif^ 
igg|$ (^SP) HASiSkW, COMftfilCJ:!). §JEM 

20 [0 12 1] #- h*A*>^K 1 ~K 1 tt, 01 0(C^^ 
n^><t5fC. y-y'Ga l~Gb 2(®nfflJ^fflgiJtStt 
etl. #-bV\*>i7K5«. y— -/Ga l~Gb 209ft 

«K:i:-#wi:ttT6nTns. 
[0122] a=&, p©*©^tft©y— v s «5*^ifi^ir 

25 y-5?iPI«, H*STMt»Wcy-S?K:»ttbTfr»a: 

30 WKDmmexft&it^ &«Wffiaw«E9iS<&o 

[0 12 3] 011 (b) (C^^tl-Si^fC, *§liE#l 
(C«fcn«. ^ifc^iggp (^g&) HA^I^O-yf 
6 O^#fC^T^-©^0Srffll$!|L. — ^. #- h*A> 
35 l~K5*«y— vfC*^S£E«S^J*^fi-rsfc«6. 

011 (a) {-^$n^01<D«jgcki5 : fcy-v ! lC^^ 
&ft}S#4>&<. cfcoT. 01 2<?DJ:^{cBJE*i[fi]±-r 

[0124] (4) mmm4 c^-y— g^otx) 

St^StlT. 01 5l;^$n5J:5i5;^D- 

[0 12 5] CW^&Ttt. S-T. 015 (a) 
tl^J;-5JC. nS->U3>*igS*«4 0{C±[gCp^ 
45 ^5t»LT^IJ:D 1 Mmgft©a!£<Dpl!i£& 

14 i 

[oi2 6] -a\z. mm (b) ©i^n. y-vgp. y 

Xh-y/1gR. y— (Gal, Ga2© . "J — 
50 «gffl5S— IgtTMtS. 
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[0 12 7] uCtp&SMSt.toT, 3MSWfc. 
[0128] (5) (SO IIS«£fflUJt;*1f 

[0 12 9] SO I«jgO->Un>S«^H^T-5#g 

(sdb) tt^, s i mo x&m&mmtttm 

tf&Ztf. *HSS^JTtt, S I MOXffifC<t0 SO IS 

[0 13 0] -T&:b*>. ST. 016 (a) (C^TJ:? 
niyij3>f##SS4 0©*®^SgEi5i 

(0 2 ) K^S-fT^ji^K &WagKJ:»3 0 l £«teftS-ti- 
T. vUn>S«OT*W©rtaPt«5»g (b) © 

#!$#^f 4 5fflyU3 >gHLg||) ZBf&TZ. 

[0 13 1] g^vr. SI 6 (b) K^-Ti^K, #D 
> (B) ££®(;:fe»U i«fiScDp^B4 1 ZWtfLT 

[0 13 2]^(C, 016 (c) \Z7ET^\Z^3^y 
^y-Zf&ML. y-yGal, Ga2§Wf5. 

[0133] so i nmoy-zstep nm&tfMi&zti 
r. iS^TT-fc. v-zmm^u-f. 2oot:tu:© 

[0134] ;r©j;e>&so i mm.o^mity-isit. 
0 i 4<Dj:o\zm.^iLx<bnxmm^ti^. 

[0135] 014 X\$, ^jfiiyD 7!?60 ©MSP 
fc, ¥IW#©SiaP6 2£i£ttTt,:>-5 <> ^niciO, 0 1 
3 IZTK-T&mm.y'f T y 7 & 8 2 

o £<n&Mffimtf'i^<t<zo, mm^mmy^yy^ 

fe^ox. so i ticy-i?«aifflia«i»nso 
[0136] ^m^mmwz&^xmmvrz 

zm&&±:>v\zmmi-tcM'£$:m\zhom.wvrztf. 
*¥twi$z\tnzm*>-?, ziti&Lft-o&mftmizis^Tm 
< m t » -5 d <t a* oJ -e & -a . 

[0 13 7] 

£ #3 C £ an? # 5 . 
[0138] ( 1 ) tt^JS 1 ©#fgmmi> 
^©^•ti-|i£SI?i0^UiLfciB8^y-S?$-^tt. d©y— 

< . Lfrifiz>-C7—is\Z&9*.&l3:B£Mlf£.J} 

-5. 



[0 13 9] (2) «*3S2©*^WT«. 
«»T*CfclCJ:oTXhyA1*i6?fc5&£U JESS*)* 

[0 14 0] (3) »2RJS3©#fgllf!-m. 
05 a*S»C2&|^©^-y-«jg$:^fflT-5)Ct{C c tO, f}^. 
ftl*^ ©ffl*© 'J — T U 5V *|fil±$-a-* C <h^T$ 
3. 

[0 14 1] (4) »*5S4©*5!WT-«. y-v£G3 

io v-v±x\zi)fcmy'uyv\^&%m.m-h*^z>z.kL 

^ © W«*fl: SBSdtat-e**. 

[0 14 2] (5) BfJlSW^lTd #y-y 

©fjSfj^^^ss6T{SM$ nx, y- v*<«s«$tifc < 

[0143] (6) f»*JS6 43<tZ>'»*«7©*^^T 
20 tt. y'J<> Ftt©«l^y-5>©1$»tig**l,T. 71&%\ 

[0 14 4] (8) f»*3S8©*^^Ttt. ^-HA> 
25 *»l/Ty-i?ft»*ft*fcffTi:ti:J:t)a4t5Jli 

»S©lRl±*0-5Clt^^-5. 
[0 14 5] (9) »*a9©*«MTf«. 
(WfSP) Sr^tt-SCifC^O. §BEffi»©S{t£®©T 

[0 14 6] do) «*«iotii ei71SKiS 
35 tUTJC„*ttffl-r«Ct*WBtft:bT^-5. 7c„tt 
(110) ffi© (110) #|«i]K:fi*©Jgft£<fe-£. 
(100) 73(P]fCtt^g0-CS0. LtAbT, *-r- 
hX h>^U yy^tSi, yz?m&X'/\ 

40 [0147] (11) 1 1 ©SifiTj^T-tt, ¥S 

t. ^ntz'&.m^t^f-v (*t) sfpriET**. 

[0148] ( 1 2 ) mm 1 2 ©Sifi^ftT-tt. S O 
45 I (Silicon on Insulator) 

&mm?ZZ.£\z£r). ffi^^D-feX (-g^1t©X 
itiCIgTffliT^I.) ICfcO. 2 0 0t:t(±©K 

^T-^ffl-r-sdifcoi^y-^ (^t) &&zz.t& 

50 [0149] (1 3) W±©^^lCj;oT. 
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8- 2 7 1 3 6 3 



[0 15 0] 
[0®<Z>flMi&aftlE] 

m i ] *KHoftttttaHFo&xftjfl i 

[0 2] H1©*«**?IC*«-*, fty-fOEIft: 

[0 3] X h-y/1$ifi©«#£aft^3fctf><£>»rffi0T 
£9, (a) ttffi»*feb©»'&, (b) itmmijiz*. 

[0 4] BlOAftaUffKfeW. y-S?flDBW»tt 

tc «fc o rtt»**wc«*«»*39«ifii±"r *«* *Kwr 

4fc*©WSBn?*»5. (a) ttittt«S*U (b) 
[0 5] 0 1 (DJliktolPT- fCfe^T. 02 C^tlS J; 

»^«^*(B]±f •5as*itt^-r-5^:<!e>ro s p®0T?*-5» 

[0 6] Bl^*a«f©»tt OUrm-a^tttt) £ 
^T0T*&&. 

[0 7] *KI|!0*l2®attt«OKfiMffift 
jfi) ^1-itr*ip, (a) ttffi»2»&L©«#. 

(b) ttffilg^CioT^ea^ny^St^bT^h 

[0 8] 0 7 W^&ftSiH^ftt (fttt-tUfttttt) * 

[0 9] *«w©*»a* ; ?o*3<oattfi«s*-r»« 

[010] 0 9<D*l&$I]Ji?TlC*5tt£. y— #— H 

/o*. «f^ea5fpo3piBiEB**-r0TS-5. 



[0ii] 0 9ro^^»S^fc*tt^. 1i—\rrt>irts. 

0. (a) HJtttflSiSU (b) te0 9 ©Hfig0lJ<DJ§ 

05 [0 1 2] 0 1 &6tftB 9 OHJ6«iJ ©WSfi«^«*S 

[01 3] *5IW©^tft»I^*ffl^T«^$nfc«Sfil 
EE -tr > it © S gfi © St B& £ Bf ffi 0 T? & Z> . 
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